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摘 要
胆管癌（Cholangiocarcinoma，CCA）是起源于肝内，门周或远端胆道树上
皮细胞的恶性肿瘤。由于胆管癌起病隐匿，早期诊断困难，临床症状出现较晚，
流行病学研究表明，只有 10-15%的患者有可能通过手术治愈，而许多患者发现
即为晚期，但术后复发率仍为 50-60%，五年存活率仅仅 30%。
在胆管癌治疗中，人类表皮生长因子受体 2（Human Epidermal growth factor
Receptor 2，HER2)被认为是潜在的药物靶点。有研究显示在胆管癌中存在 HER2
的过表达，HER2的过表达在胆管癌的发生和进一步的致癌到晚期和肿瘤转移过
程中有着重要的促进作用，被认为参与了胆管癌的多级的癌变过程。因此可以将
HER2为胆管癌靶标分子开展一系列研究。已经有研究表明，Affibody分子有着
极好的靶向 HER2 的能力。体内和体外的研究均证实了偶联了 Affibody 的纳米
颗粒对表达 HER2的细胞和肿瘤有着高度靶向特异性。
近年来，脂质体由于其高药物装载率、高生物稳定性、低毒性及易于进行表
面功能化修饰等诸多优点，被成功应用于临床检测和各种疾病的治疗。此外，光
热治疗（photothermal therapy, PTT）凭借其局部、高效、副作用小等优势，迅速
成为了肿瘤治疗领域的热点。
在本研究中，基于对真核细胞信号肽介导的膜蛋白分选转运机制和生物表面
活化剂的特性的理解，我们通过基因工程改造了 Affibody 分子，在其 N 端加上
膜定位信号肽，C端与跨膜肽、绿色荧光蛋白（Green Fluorescent Protein, GFP）
进行基因序列的融合，将该基因序列连接整合到真核表达质粒载体, 用该载体转
染细胞后，成功将 Sig-Affibody-GFP融合蛋白表达在宿主细胞膜上，再通过生物
表面活化剂诱导，我们成功提取到一种新型的基因工程改造的纳米囊泡
（genetically engineered nanovesicles ，GENVs）。它由来源于细胞膜的磷脂双分
子层、通过信号肽分选定位到膜上的重组蛋白 Sig-Affibody-GFP和可以控制颗粒
大小和强度的生物表面活化剂等这些组分自组装构成。将纯化后的 GENVs装载
光敏剂吲哚菁绿（Indocyanine Green，ICG），尾静脉注射胆管癌 SK-chA-1 荷瘤
裸鼠进行光热治疗，我们发现经过基因工程修饰 Affibody 多肽的纳米囊泡在体
内对胆管癌肿瘤区域有着显著的靶向效果，并可通过光热治疗成功实现对肿瘤的
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完全消融。
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Abstract
Cholangiocarcinoma (CCA) is a type of malignancy arising from the epithelial
cells of the intrahepatic, perihilar and distal biliary tree. Epidemiological studies
revealed that only 10-15% of the patients with CCA are surgically curative, whilethe
majority was identified at an advanced stage due to the late appearance of the clinical
symptoms and difficulty in the early diagnosis. Moreover, the recurrence rate is as
high as 50-60%, causing the five-year overall survival (OS) beonly 30%.
Human epidermal growth factor receptor2 (HER2) has been considered as a
potential therapeutic target in CCA. Studies showed that the overexpression of HER2
may contribute to the initiation and the development of CCAas well as the tumor
metastasis.Therefore, HER2 was applied in our study as a targeting biomarker.
Besides, Affibody molecules have been reported to possess a strong targeting
capability for HER2, and nanoparticle-affibody conjugates have demonstrated high
targeting specificity in HER2-expressing cells and tumors in vitro and in vivo.
Recently, liposomes have been successfully applied in clinical diagnoses and
treatments for various diseases thanks to its characteristics such as high encapsulation
efficiency, high stability in biological environments, low toxicity and easeof
functional modification. In addition, Photothermal therapy (PTT) has becomea
hotspot in cancer therapy owing to it merits such as localized treatment,high
effectiveness, little adverse effect and so on.
In this study, based on the understanding of sorting and trafficking mechanisms
of the signal peptide-mediated eukaryotic membraneproteinand the characteristics of
biosurfactants, we reconstructedthe Affibody molecule through genetic engineering.
Briefly, amembrane-anchor signal peptide sequence was added to the N-terminal of
Affibody, meanwhile, a transmembrane peptide sequence as well as the green
fluorescent protein (GFP) were fused with itsC-terminal. Then, the recombinant gene
sequence was ligated into eukaryotic expression plasmid vectors and transfected into
the host cells. Consequently, the Sig-Affibody-GFP fusion protein wasexpressed on
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the host cell membrane.Further through the induction of biosurfactants, we eventually
extracted novel genetically engineered nanovesicles (GENVs), which were
self-assembled from abiomembrane-derived phospholipid bilayer, a recombinant
protein Sig-Affibody-GFP anchored to the membrane, and a biosurfactant that can
control the particle size and strength. After purification, GENVs were loaded with
indocyanine green (ICG)andadministrated intravenously into SK-chA-1
tumor-bearingmice for photothermal therapy.As a result, the novel
GENVs-Affibody-ICG demonstrated a strongtumor-targeting capability in the CCA
region, and a complete ablation of the tumor was realized afterthe photothermal
therapy.
Keywords: Cholangiocarcinoma;HER2;Affibody;GENVs;Photothermaltherapy;
Biosurfactants.
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缩写词
CCA: Cholangiocarcinoma,胆管癌
GENVs :genetically engineered nanovesicles,基因工程改造的纳米囊泡
HER2: Human Epidermal growth factor Receptor 2,人类表皮生长因子受体 2
PTT:Photothermal therapy,光热治疗
GFP: Green Fluorescent Protein,绿色荧光蛋白
ICG: Indocyanine Green,吲哚菁绿
ICC:Intrahepatic cholangiocarcinoma,肝内胆管癌
ECC:Extrahepatic cholangiocarcinoma,肝外胆管癌
EGFR:Epidermal growth factor receptor,表皮生长因子受体
VEGF:Vascular endothelial growth factor,血管表皮生长因子
ECD:extracellular domain,胞外区结构域
TM:transmembrane domain,跨膜区
TK: tyrosine kinase domain,酪氨酸激酶结构域
PET:positron emission tomography,正电子发射断层扫描
SPECT:single photon emission computed tomography,单光子发射计算机断层扫描
PEG:polyethylene glycol,聚乙二醇
RES:reticulo endothelial system,网状内皮系统
BBB:blood–brain barrier ,血脑屏障
BBTB:blood–brain tumor barrier,血脑肿瘤屏障
MRI:magnetic resonance imaging,磁共振成像
EPR effect:Enhanced Permeability and Retention effect,渗透增强和保留效应
NIR:Near-infrared,近红外
DPPC:1,2-dipalmitoyl-sn-glycero-3-Phosphatidylcholine,1,2-二棕榈酰-sn-甘油基-3-
磷脂酰胆碱
MSPC:1-myristoyl-2-stearoyl-sn-glycero-3-phosphocholine,1-肉豆蔻酰基-2-硬脂酰
-sn-甘油-3-磷酸胆碱
DSPE:1,2-Distearoyl-sn-glycero-3-phosphoethanolamine,1,2-二硬脂酰-sn-甘油基-3-
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磷酸乙醇胺
FMIO:Ferrimagnetic iron oxide ,铁磁性氧化铁
ALs:acoustic liposomes,声学脂质体
PLA2:2-acetylhydrolase,2-乙酰水解酶
PEI:polyethylenimine,聚乙烯亚胺
CNTs:Carbon nanotubes,碳纳米管
SWCNTs:Single-wallcarbon nanotubes,单壁碳纳米管
MWCNTs:multi-walled carbon-nanotubes,多壁碳纳米管
CuS NPs:copper sulfide nanoparticles,硫化铜纳米粒子
Amp: Ampicillin, 氨苄青霉素
Bp: base pair,碱基对
DLS: Dynamic Light Scattering,动态光散射
DNA: Deoxyribonucleic Acid,脱氧核糖核酸
FBS: Fetal Bovine Serum,胎牛血清
HRP: Horseradish peroxidase,辣根过氧化物酶
Kb: kilo base pair,千碱基对
Kd: kilo Daltons,千道尔顿
OD: Optical Density,光密度
PBS: phosphate-buffered saline,磷酸盐缓冲液
PAGE: Polyacrylamide gel electrophoresis,聚丙烯酰胺凝胶电泳
rpm: Revolations per minute,每分钟转数
SDS: Sodium dodecyl sulfate,十二烷基硫酸钠
Tris: tris(hydroxymethyl)aminomethane,三羟甲基氨基甲烷
TEM: Transmission Electron Microscopy,透射电子显微镜
WB: Western Blotting,蛋白印迹实验
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